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EXECUTIVE OVERVIEW

This seven-month project tested the application

 
applied during three separate  testing periods. Results
show that fabrication manhours were  reduced by about
one-third, permitting the fabrication of about 50% more
pipe with the same number of fabricators. The key to
success is the scheduling standard, developed from en-
gineered labor standard data plus  a factor to accommo-
date non-process considerations. The scheduling   stand- 
ard accurately predicts REAL work content, allowing the
major improvements in work loading, planning, and
scheduling from  which the savings result.
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SCHEDULING STANDARDS PILOT
SUMMARY REPORT

PROJECT

I. BACKGROUND

The National Shipbuilding Research Program is funded by the Maritime

Administration, United states Department of Transportation, toward im-

proving productivity in shipbuilding. Technical direction of this Pro-

gram is provided by the Ship Production Committee of the Society of

Naval Architects and Marine Engineers. The Ship Production Committee

is composed of several Panels, one of which is the Panel on Industrial

Engineering, SP-8. The Industrial Engineering Panel and the Panel on

standards (SP-6) make-up the ship Producibility Research program,

managed by the Bath Iron Works Corporation, Bath, Maine.

Industrial Engineering Panel SP-8 was activated in 1978, and has been

carrying out two major research efforts: (2) the development of engi-

neered labor standards, and their application  for (a) methods engineering/

improvement and (b) planning and scheduling shipyard work; and (2) general-

ly increasing industry awareness of industrial engineering potential. Dur-

ing the past two years, much standard data has been accrued  through the

use of MOST* in several  participating  shipyards, among them Peterson

Builders Inc.,  Sturgeon Bay, Wisconsin where standard data has been pro-

duced in the fabrication pipe  shop area.

Although several  participating shipyards have made advances in methods

engineering/improvement using standard data, none had tried to apply these

data for planning and scheduling purposes until the Scheduling Standards

Pilot Project described  in this Summary Report.

*Maynard Operational Sequence Technique.
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II. INTRODUCTION

This Project was   initiated as a result of consensus opinion gained 

at the SP-8 meeting held at Portsmouth, NH on 24-25 June 1981. The Pro-

ject would try out the application  of scheduling standards for planning/

scheduling purposes. Data gained from the Project would be available to

assist in defining the Phase III Data Application portion of the continu-

ing industrial engineering program under SP-8.

The project  was  conducted generally in accordance with a technical

proposal submitted by Corporate-Tech Planning Inc. (Rodney Robinson) to Bath

Iron Works on 28 Aug 1981. Bob Graves (U. Mass.) and Leon McGinnis (Georgia

Tech.) carried out a related and supporting project to analyze the data

collected. LOU Kuh (H.B. Maynard CO. ) provided input in the form of MOST

standard data. Shipbuilder input was provided by personnel  from  Peterson

Builders, Inc., (Gary Higgins, Dan Kressig) where the Project was  carried

out. Overall direction  was provided by a Steering Committee composed of

representatives of the above activities, plus  the SP-8 Project Office at

BIN (Joe Fortin).

This Summary Report describes the principal features and findings of

the Project.

DURATION: September 1981 through April 1982

LOCATION: Pipe Fabrication Shop, Bldg. 70
Peterson Builders, Inc.

DEFINITIONS UNIQUE TO THIS PROJECT:

 Work Order - the document used at PBI to describe a package
of piping fabrication work.

Pipe Detail - an individual sheet  of a work order describing
the details of a single pipe detail or spool piece.
A typical work order would contain several pipe
details.
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Estimate - an assessment of the work content of a work order
made by planning  peopl e at PBI based on the require-
ments of the work order and historical return cost
data for similar work on previous hulls.

Return Cost - the charges for a work order taken from the usual
PBI charging system, consisting of a periodic com-
puter runoff of time card entries.

Time Sheet Hours - charges taken from special data sheets filled
out by the mechanics themselves at the workplace;
Time sheets were used during this Project to pro-
vide timely and accurate charges for the work under
test, by individual pipe detail. Although it took
some time for each mechanic to fill out his data
sheet, the disruption and delay involved were  min-
imal and can safely be ignored.

Process Time - the time spent by the mechanic in carrying out
the basic process (fitting, grinding, welding,
bending, sawing, etc.).

Non-process Time - the time spent by the mechanic while  engaged
in activities outside of the basic process (personal
time, waiting for material, readiig work inStructions,
equipment breakdown delays, crane delays, etc. ).

Non-process Factor - a factor developed by the Project team to
take into account the real, natural, and acceptable
differences between level times and actual times for
accomplishing work. The magnitude of the non-process
factor was based on work sampling conducted by PBI
personnel at the workplace.

Scheduling Standard - an engineered labor standard consisting of
two parts: (1) the usual best performance portion
based on standard data from MOST, called level time;
and (2) a calculated non-process factor, developed 
to accommodate real-world considerations surrounding
conduct of the work. The scheduling standard (level
time increased by the non-process factor) is a real-
istic prediction of actual “will cost” charges for
the work, under the circumstances currently existing
at tbe work place.

-3-
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III. GENERAL APPROACH

The general approach to this Project, developed by Corporate-Tech

and approved by the Steering Committee, included the following steps;

 Obtain MOST data for a selected group. of work orders,
and deternine level times for doing the work.

•• Conduct work sampling to determine process time and non-
process time fractions. (Work sampling also provides
detailed insight into both. categories.) Take five min-
ute work observations once each hour for each two-week
testing period. Determine the percentage of time mech-
anics were carrying out the basic process (called the
process time fraction), and the percentage of time the
mechanics were engaged in non-process activities (cal-
led the non-process fraction).

 Calculate a non-process factor. Basically,

Non-process factor = non-process time fraction
process time fraction

l calculate scheduling standard hours (level time in-
creased by the non-process factor. )

Sch. Std. Time = Level Time + (Level time x non-process

or,

Sch. Std. Time = Level Time (1 + non-process factor)

l Determine the actual costs for the work.

l Analyze data to see whether scheduling standard predic-
 tions match actual costs.

l when prediction capability is established, load the shop
using- scheduling standard hours and see if benefits accrue. 
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IV. BASELINE DATA

The following data reflects conditions at PBI

to the

l

l

l

l

l

l

start of Project testing.

pipe fabrication work orders typically ran

immediately pries

between 5 and 400
manhours each, as estimated by the planning people at PBI,
with an average work order estimated at about 40 manhours.

The workforce in the pipe fabrication shop varied from 5 to
10 mechanics.

About 2-weeks worth of work (by work order estimates) was
loaded on the shop at one time.

A work order was usually assigned to one mechanic who per-
formed work in the same order that the pipe detail sheets
were assembled into the work order.

A single ground rule was given to the mechanics in the fab-
rication pipe shop prior to data collection for this Project.
That rule was for them to perform the same way that they had
in the past. They were asked not to work any harder, any
less hard, or any differently than was their usual practice,

 nor should they change any work methods or procedures just
for this Project. The reason for this groundrule was to
permit the CAPTURING of normal mechanic performance. Cer-
tainly, actual working periods might become more frequent
as the Project matured, but the mechanics were asked to
work at their usual intensity when they worked. 

Previous performance on-typical, randomly selected work
orders shows wide scatter between estimated hours and re-
turn costs (Figure 1)*. The data points are spread out
on both sides of the diagonal. (When return costs match
the estimates, the data points are on the diagonal. When

*Scatter
provide
side of

diagrams in this report are
a reasonable spread of data

plotted on log-log paper to
points. The band on either

-5-



Corporate-tech planning inc.

return costs are higher than the estimates, data points are
above the diagonal; when return costs are lower than the
estimates, data points are below the diagonal). The wide
scatter indicates poor correlation between individual esti-
mates and returns, which argues that historical return costs
are not a good basis for estimating the future cost of
similar work orders. Note that in the aggregate, however,
total return costs essentially match the total estimated
hours for this sample of work. This fact is quite normal
in shipbuilding, where actual charges often rise to match
the budget (estimate) available. (See Reference a).

-6-
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V. TESTING PERIOD

Three testing periods were carried out.

First Testing Period - 30 Sept 1981 through 23 Ott 1981

Purpose was to determine the prediction capability of
scheduling StandardS.

Eight work orders in sample, ranging in estimated size
from 4 to 400 manhours.

Level times obtained from detailed MOST, and also from
a classification scheme based on detailed MOST data.
Reference (b) describes in detail the development of
the classification scheme used.

Three pages from reference (b) showing typical class-
ification charts are included here as Appendix A. Note
the ease with which level time data can be extracted
from these charts by simply entering basic work para-
meters.

Sample work orders were tracked through the shop
(other work going on concurrently was not tracked).

Second Testing Period - 30 Nov 1981 through 11 Dec 1981

 Purpose was to confirm the prediction capability of●

scheduling standards

● Seventeen work orders in sample, ranging in estimated
size from 8 to 80 manhours.

● Level times obtained from classification scheme based
on detailed MOST data.

● Sample work orders constituted ALL the work going on
in the shop.

-7-
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Third Testing Period - 22 Feb 1982 through 5 Mar 1982

● Purpose was to see if benefits accrue when the shop is
carefully loaded using scheduling standard hours to pre-
dict actual work content.

● Twenty-eight work orders in sample, ranging in estimated
size from 3 to 400 manhours.

● Level times obtained from classification scheme based on
detailed MOST data.

● Sample work orders constituted ALL the work going on in the
shop, although not all work orders in the sample were worked.
Work was loaded to between 100 and 110% of the predicted
workforce capability, maintaining a slight overload.

VI. ANALYSIS OF DATA

● The prediction capability of scheduling is is shown
by scatter diagrams of TIME SHEET hours VS. scheduling stand-
ard hours. Level times were calculated as noted with each
figure. Non-process factors determined from work sampling
were slightly different for each testing period, reflecting
the actual conditions at the worksite.

-8-
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Figure 2 shows data from the
first testing period using
level times from detailed
MOST. Note the small degree
of scatter, and that the
data points are close to
the diagonal. This indi-
cates that time sheet hours
are quite close to the hours
that the scheduling stand-
ards predict are necessary
to accomplish those work
orders.

1 10 100 1000
SCHEDULING STANDARD HOURS

FIRST TESTING PERIOD

Classification Most

FIGURE 3

-9-

Figure 3 also shows data from the
first testing period but using
level times from the classifica-
tion scheme based on detailed
MOST data. Note the small dif-
ferences between Figure 2 and
Figure 3 from using the classifi-
cation scheme. The data points
are even closer to the diagonal,
especially the large work order
at about 160 hours. The classi-
fication scheme is much less time-
consuming than direct use of de-
tailed MOST data, and yet pro-
duces level times that are entire-
ly satisfactory for use in de-
veloping scheduling standards.
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Figure 4 shows data from the
second testing period using
level times from the classifi-
cation scheme based on detailed
MOST data. Note that these work
orders are fairly small  in  size ✌

the largest being only about 43
hours. Although not as close to
the diagonal as desired, these
data points are well distributed
on either side of the diagonal,
and indicate good prediction
capability through use of sched-
uling standards

1 10 100
SCHEDULING STANDARD HOURS

SECOND TESTING PERIOD

Classification Most

FIGURE 4

1000

Figure 5 shows data from the
third testing period using
level times from the classi-
fication scheme based on de-
tailed MOST data. Note that
the larger work orders are
ON the diagonal, and the 
others are close to it. Clear-
ly, scheduling standards CAN
predict real costs.

1 10 100 1000
SCHEDULING STANDARD HOURS

THIRD TESTING PERIOD

Classification Most

FlGURE 5-10-
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1 10 100
SCHEDULING STANDARD HOURS

FIRST TESTING PERIOD

Classification MOST

F I G U R E  6  

Figure 7 shows data for the
work orders in the second
sample. Note that most of
the data points are above
the diagonal, indicating
that estimated hours are
generally higher than the
scheduling standard hours.
In addition to this clear
bias toward heavy estimates,
there is also wide scatter
among the data points.
This scatter reflects the un-
reliability of the estimates.

1000

Figure 6 shows data for the work
orders in the first sample. Al-
though the sample size is small,
scatter is not favorable. The
data points are too far from the
diagonal, and there is a hint
that the estimated hours are gen-
erally higher than the scheduling
standards say are needed to do the
work.

1 10 100 1000
SCHEDULING STANDARD HOURS

SECOND TESTING PERIOD

-11- Classification Most

FIGURE 7
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Figure 8 shows data for
the work orders in the third
sample. Here the bias toward
heavy estimates is quite pro-
nounced. As mentioned earlier,
it is noxmal for shipbuilding
costs to simply rise until
they match the budget (esti-
mate) available (Reference a).
Unrealistically high estimates,
such as we have here, usually
promote unnecessarily high re-
turn costs.

1 10 100 1000
SCHEDULING STANDARD HOURS

THIRD TESTING PERIOD

Classification Most

FIGURE 8 

Special Note:

A legitimate first reaction to these data is to simply cut back on the

estimates. However, the wide Scatter of these estimates is STILL a problem.

Some estimates really need to be decreased while other estimates need to be

increased. An across-the-board cut will do NOTHING to improve the credibi-

lity of the planner making these estimates. Production people will continue

to view such blanket decreases in the same light, and will TRUST the re-

duced estimates even less than they did the inflated estimates. Scheduling

standards are a tool with which the Planner Can correct this situation.

$cheduling standards CAN PREDICT the real work content of each work order,

and thereby offer a solution to the credibility problem. Once production

people gain confidence in the prediction capability of scheduling standards,

a firm basis for planning and scheduling will have been created. Thereafter,

excessive costs can be reduced as is seen below.

-12-
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● The aggregated data for all
samples is shown by the bar

work orders in each
charts of Figure 9.

of the three

- In all three testing periods 
previous estimates are much larger
than scheduling standard hours for
the same work orders.

- Aqreement between time sheet
hours and scheduling standard hours
becomes progressively better during
the three testing periods. (The non-
process factor for the first sample
was probably too small. This was per-
haps due to unintentional favoring of
sample work orders at the unknown ex-
pense of other untracked work going
on concurrently, and the resulting
data distortion. This Situation
was remedied during the remaining
testing periods by tracking ALL the
work in the shop. )

During the third testing
period, mechanic performance was at
96% of the scheduling standard hours.
This level of performance is en-
tirely acceptable for planning and
scheduling purposes.

● Additional analysis of data
from this Project is provided in Ref-
erence (c), where statistical and
other analyses are used to develop
explanations for the differences 
between the level times and the actual
non-process factors. Two observations
for reader convenience:

0 1 2 3 4 5

AGGREGATED DATA

FIGURE 9 

times, which is that portion due to
from Reference (c) are repeated here

“One of the primary conclusions of the pilot study is that
the actual production times are highly correlated with the 
level times, and that the relationship between them is re-
latively stable over time. This means that the level times
do provide a very good basis for predicting the actual time
required for a task.

-13-
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Another primary conclusion is that, with certain limita-
tions, even a very simple method for converting the level
times into scheduling standards can give good results.
More complicated methods for obtaining scheduling stand-
ards from the level times give more accurate results, but
the improvements are decreasing as the effort increases.”

VII. CONCLUSIONS drawn from this Project are as follows:

Conclusion #1

scheduling standards accurately predict the manhours

required to fabricate individual piping assemblies. This permits

more accurate cost and schedule predictions.

Conclusion #2

Manhours used to fabricate pipe assemblies are reduced

by about one-third through shop loading based on scheduling standards.

This permits the fabrication of about 50% more pipe with the same

 number of fabricators.

Conclusion #3

Use of a classification scheme (in this case based on

detailed MOST data) rather than direct use of detailed MOST data it-

self produces acceptable level times. This greatly reduces the effort

required of shipyard personnel in developing shipbuilding standards.

-14-
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VIII. SUMMARY

This Project

PLANNING INC.

established that:

(2) scheduling standards can be developed that realistically
predict production “will-cost” charges:

(2) scheduling standards can facilitate shop loading;

(3) mechanics can perform to scheduling standard predictions;

(4) labor charges are the reduced to about two-thirds of
previous expenditures for the same quantity of work.

Since manpower is the most expensive resource in shipbuilding, and

is sometimes in limited supply, it is good business to produce more pro-

duct for the same manpower expense. Proper application of scheduling

standards can allow this to happen. In this particular instance, results

show that about half-again as much work can be produced for the same

(previous) cost. This increase (about 50%) can be sustained n as long as

material supplies keep up, facilities are not overloaded, and the shop 

does not get so far ahead of the downstream shops that in-process inven-

tories exceed, acceptable limits.

scheduling standards are a valuable tool that is well within reach

today. This Project was successful, but is really only a beginning. The

full potential of applying scheduling standards for planning end schedu-

ling in shipbuilding has yet to be exploited.

IX. RECOMMENDATIONS

This Project was limited to one shop. The next logical step would

be to apply the same technique in another shop, and then another, until

all shops have been treated. Individual shop improvements will be sub-

stantial, as illustrated by the example of this Project.

-15-
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when all shops have been improved individually, then careful

sequencing and scheduling of production work across the whole ship-

yard should be carried out, using the prediction capability provided

by scheduling standards. This will produce ANOTHER step change, this

time in total-shipyard efficiency, as all contributing parts of the

whole effort are meshed together effectively. The synergistic effect

of applying engineered scheduling standards throughout a whole ship-

yard may well result in savings which are greater than the sum of the

savings identified in the individual shops.

All of the above should be carried out in a small to medium size

shipyard with a relatively short build cycle (of a few months) so that

the whole problem can be surrounded in a reasonable length of time. 

Peterson Builders Inc. would be an ideal location. Once the techniques

are developed and proven on a modest scale, they can be expanded and

adjusted to suit the needs of the larger shipyards, where the same prob-

lems exist but with the added complications of a larger workforce, higher

throughput, and longer build cycle (perhaps several years). Conducting

this sort of exploratory development on a manageable scale will produce

the best and most timely results.

-26-
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APPENDIX A

TYPICAL CLASSIFICATION

From

Labor Standard Classification System, a report
prepared for Mr. Joseph R. Fortin, MarAd Program
Manager SP-8 Program - Task Ec-10 - Bath Iron
Works, Bath, Maine, by H.B. Maynard and Company,
Inc., Pittsburgh Pennsylvania 15221, January 1982.
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INTRODUCTION

Shipbuilding requires the extensive use of a multiplic-
ity of crafts, as well as manufacturing and construc- 

tion operations? often for the construction of one-of-

a-kind products. It is most important that a ship-
builder have the capability for rapidly estimating the
labor content of a vessel accurately, if he is to sub-
mit a bid that is correct, and with which he can com-
ply. Compliance with a bid depends on his ability to
correctly apply manpower to the various craft work in-
volved, and on his ability to effectively schedule
those crafts on a daily basis.

Labor standards developed by the use of Engineered Time
Standards Systems are quite detailed, and require a de-
tailed knowledge of the engineering specifications of
the work. For shipyard use, there is often a lack Of

detail either available or early enough to be used for
the task of developing standards for the immediate de-
sign being considered. The use of MOST@ Systems for
developing standards is a distinct advantage? allowing
the maximum development of standards with a minimum
investment of time. The use of statistical techniques
to accommodate the variations in work methods and the
lack of repetitive work common to long-cycle job shop 
type operations further commends the use of MOST for
shipyard applications. Howeverf the application of the

Page 1
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standards that
and require as
with any other

The concept of

are developed may be as time-consuming,
much detailed information, with MOST as
standard development system.

Labor Standard Classification is an ad-
aptation of the standard data approach, and has been
developed to permit the rapid application of valid
labor standards for estimating and for manpower  sched-
uling. The work detailed in this report is only the
first step toward the goal, and is the result of a need
for providing for the rapid development of accurate

labor standards for use in a pilot shop scheduling pro-
gram. That pilot program covers the conversion of Base
Leveled Standard Times to Application (Scheduling)
Standards for use in shop loading and scheduling.

Page 2
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LABOR STANDARD CLASSIFICATION FOR PIPE SHOP FABRICATION

The classification system developed for the Pipe Fabri-
cation Shop is based on actual organization of work in
the shop. Three basic work centers were identified:

Bending - Conrac
Bending - Greenlee
Pipefitting (mechanic)

It should be noted that the work for the Conrac Bender
is set up on separate work orders? while the work for
the Greenlee Benders is made up of work not covered by
Conrac tooling, and performed generally as encountered
on pipe details.

Generally, the mechanics are assigned an entire work
order, unless it is a large one requiring the use of
two or more men to complete it in a timely manner.

Three chart sets are used for selecting the classifica-
tion standard: one set each for the benders, arid one
set for all other work. Two work sheets are used to

accumulate the information necessary for the use of the
charts. Filling out the work sheets is the first step.

Two documents (prints) provide directions to the shop:
the Supplementary Instruction Sheet (SIS) gives in-
structions for bending; the Pipe Detail Sketch provides

Page 3
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the information for
sembly (see Appendix

the mechanic’s fabrication and as-
1 for examples).

1. Bending Work Sheet - Conrac OnlY (see Figure I)

The first step in use of the work sheet is to re-
cord the work order number at the head of the
sheet. You are then ready to record data for each
Supplemental Information Sheet (SIS) that is in-
cluded in the work order. In order to minimize

the set-up time, all the SIS sheets should be ar-
ranged first by diameter of pipe, and then by
material within each diameter group. From each

SIS sheet you then record on the work sheet: the 
SIS number, the material the pipe diameter, and
the actual number of bends that are to be made. 
The column headed “Stand. Time” is left blank at
this point. When all of the SIS sheets have been
recorded, count the number of times a different
material was listed, and record that number in the
blank space after “Set-up - Material” in the bot-
tom right corner of the form. Then count the num-

ber of different diameters shown, and record that
number in the blank after “Set-up - Diam.”

The next step is the use of the Standard Classifi-
cation Chart (see Appendix A) to select the time
values to be assigned. The time values represent
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the classification standard which is leveled at
15% PF&D (Personal, Fatigue and Delay). To select
the proper time value, reference is made to the
material, the pipe diameter, and the number of

bends required for each SIS sheet. The indicated
time value is then inserted in the appropriate
column on the Work Sheet (Figure I). The individ-

ual SIS values are then totaled for the work or-
der, the set-up times are calculated, and the
total is calculated.

That total time is then modified in accord with
the procedure given in the pilot program report to
give the total man-hours for the work order.

The first step in the use of the Pipe Detail Work
Sheet is to record the work order number and the
drawing number. YOU are then ready to analyze the
detail sketches and record the pertinent informa-
tion. In order to simplify later reference to the
classification charts, it is desirable to arrange
the
then
each

pipe detail sketches first by material, and
by ascending order of pipe diameter within
material group.

page 6
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The next step is to identify and record the fol-
lowing information for each pipe detail sketch:

A.

B.

C.

D.

E.

F.

G.

E.

The sketch number (including revision letter). 

The material (if more than
used, a separate line should
material).

one material is
be used for each

The pipe diameter (if more than one diameter

is required, a separate line should be used
for each diameter).

The number of pieces
rial and diameter, if

The number of made-up

of pipe {for
necessary).

each mate-

fit and tack - including brazolets

brazed or
or weldo-

lets, where USed).

The number of holes
lets or weldolets.

to be drilled for brazo-

The number of pipe ends that are threaded.

Any other odd operation such as burning a hole
or pipe end with the portable plasma unit.
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1. The number of bends required for the Greenlee
Bender. These will be all bends on pipe less

than 2“ diameter, or greater than 4“ diameter.
Further, any bend with a radius smaller or
larger than two pipe diameters, or bends on 2“
through 4“ pipe where no SIS sheet has been
referred to in the notes on the sketch.

It is most important that the analyst be aware of
shop practice. For example, notes on the sketches

will often refer to certain fittings that are
“left loose.” In addition, it is a shop practice

that all flanges are left loose.

The next step is to use the classification charts
to determine the standard times for each pipe de-
tail. The chart for Greenlee Benders is found in
Appendix B, and the chart sets for Fabrication are
found in Appendix C. 

The determination of the time for the Greenlee
Benders is done in the same manner as for the Con-
rac, with two exceptions. First, there is no sep-
arate set-up time and, second, when 5“ or 6“ pipe
is involved, time must be added for filling and
removing resin from the interior of the pipe. The
base time is indicated on the bottom of the class-
ification chart (see Appendix B) and the propor-
tionate amount of time should be used for the ap-
proximate length of the pipe to be bent.
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The total of Greenlee bending time is calculated
for the entire work order as a separate value.

Reference is made to the Fabrication Classifica-
tion Charts (see Appendix C) for selection of
classification standards. These charts are in
sets according to the material and, within each
set, these is a chart for each one inch diameter
increment. The charts are cross charts, that is,
there are two determinants for selecting a time.
Along the left side of the chart you will find the
number of pieces of pipe, and along the top y o u
will find the number of made-up joints. The value

is given at the intersection of the two cohmns.
Separate values are listed at the top of each

chart for hole-drilling time and for pipe-end
threading time. 

Once the times are recorded in
columns on the right side of the
ure II) they are summed to give
tion time for each pipe detail.

the appropriate
work sheet (Fig-
a total fabrica-
The “Total” col-

umn is then summed to provide the total base time
(leveled with 15% PF&D) for the work order.
Again, this is the time used in accord with the
procedures reported in the pilot program report.
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When such values as plasma burning are required,
the Industrial Engineering Department will provide
the necessary standard values to be used.
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CIASSIFICATION SYSTEM DEVELOPMENT

In this section we detail the steps used to develop the
classification system.

I. Concept and Development Guide

The classification system has been developed to
provide a relatively simple method of determining
basic standard hours (at 100% performance and in-
cluding asigned PF&D) with a minimum of analyst or
planner hours required. There is always a tempta-
tion to try to preestablish the end result and
work backward, but it is most important to use a
see of guiding parameters Only, and to begin with
the detailed data, working forward to a final for,
mate

The basic parameters chosen for the Pipe Shop
were:

A. Use whole inch pipe sizes to reduce the number
of references from fifteen to seven sizes.

B . Use a time spread approach to establish time
families (with a 5% accuracy) to compensate
for the compression of pipe sizes and the ad-
dition of that variable to the already-exist-
ing variables accommodated by MOST Systems. 
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The time spread selected for
is shown in Appendix D. It
the integer square method.

Guided by the parameters, the

shipyard application
was developed using

following analytical

procedure was used for the development of the sys-

tem:

A.

B.

C.

D.

E.

Define the work functions performed, the oper-
ations sequences, and the work centers in use.

within the shop.

Determine the time standards applicable to

each identified work activity.

Analyze the work orders, and the engineering
drawings to define the typical operations perf-
ormed at each work center, as well as the
identifiable relationships between each work
activity in the work center.

Determine the minimum number of physical char-
acteristics

will define

Construct a

encountered in each drawing that
the work activities used.

classification system.
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I I .

F.

G.

Test the system by comparing standard times
determined from detailed standards with those
determined from the classification system.

Revise the s y s t e m ,  a s  n e c e s s a r y ,  u n t i l  t h e r e

is a consistent relationship between the val-
ues as determined in Seep F.

Pipe Shop - Work Centers, Work Activities and Se-
quences

In Pipe Shop 70 the following operations were de-
fined:

A. Conrac Bender:

1.

2.

3.

4.

Review SIS
vide about

sheets, and redimension to Pro-

1“ additional length per piece
after cut-off.

Read instructions and set up bender.

Get pipe and anneal, as required.

Load bender.

5 . Bend pipe.
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6.

7.

8.

9 .

1 0 .

1 1 .

Unload bender and set bent pipe aside.

Take pipe to cut-off saw.

Cut off bent pipe sections, mark and set
aside.

Take pipe to washer table - lead table.

Wash lubricant out of pipe.

Set pipe on appropriate pallets for stor-
age.

B. Greenlee Bender:

1.

2.

3.

4.

5.

Check instructions (fill large 5“ and 6"
pipe with resin).

Set UP bender.

Bend pipe.

Remove resin from large pipe.

Set pipe aside for return to mechanic.
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c . Mechanic:

1.

2 .

3 .

4.

5.

 6.

7 .

8.

9 .

1 0 .

Check instructions.

Take cut pipe to bench.

a.

b.

End

Get

Take pipe requiring bends to Greenlee.

Get pipe from Greenlee Bender and take
to bench.

prep pipe.

fittings.

Drill or burn pipe and
quired.

Fit and braze or fit and
required.

fittings, as re-

tack fittings, as

Inspect completed pipe details.

Cap or tape all openings.

Place pipe detail on pallet.
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III. Standard Hour Determination

The original Pipe Shop Work Management Manual

(WMM) has been prepared for work done in shop 5.
Subsequently, the fabrication work had been trans-
ferred to Shop 70, and the Conrac Bender had been

installed. Most of the standards for the Conrac
Bender had been developed and added to the Manual.
However, it was now necessary to review the exist-
ing standards and ensure that they were correct
for the work being done in Shop 70, and to prepare
whatever additional standards were needed. It was

also found that some standards had been combined
for original application work. Some of those com-
binations were not compatible with the procedures
being followed in Shop 70, and the necessary sepa-
ration was made.

It was most important to be sure that standards
were established for each individual work activ- 
ity, since future combinations might have to be
revised.

Appendix E is a summary table of individual stan-

dards taken from the WMM and from the additional
standards developed for Shop 70.
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IV. Work Activity Analysis and Decisions

In order to determine the type of work activity
actually being carried out, a large number of pipe
detail sketches and SIS sheets were selected at
random, and analyzed in detail for work require-
ments ● The analysis took careful account of both
engineering instructions and shop practice. Dif-
ferent colors of Highliner Pens were most helpful
in highlighting the work activities required on
the sketches.

The following points were determined by the ana- 
lytical activity:

A. Due to the practice of leaving about 1“ excess
when cutting Conrac bent pipe, the, mechanic
has to final-cut each piece when fitting pipe
and fittings or when making end preps.

B. A small percentage of-pipe pieces
prep specified on one end only.

have an end

C . The existing supply of sockolets and weldolets
is not predrilled and must be drilled for pipe
insertion, as well as having to drill the ac-
cess hole in the pipe. Brazolets, however,
are predrilled.
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D. Engineering notes about fittings must be care-
fully checked when there are two or more of
that fitting on the pipe detail. If note num-

bers are on the sketch by the fitting designa-
tion, only those fittings are to be left
loose. If no note numbers are in the sketch,
the note will
that fitting.

E. Shop 70 does

be considered to apply to all of

not make up pipe hangers or any
similar components.

F. Fabricated bell mouths are made up in Shop 70.

G. Except as noted, all ferrous pipe through 2"
diamater is socket-welded, while all over 2"
diameter is butt-welded. The primary excep-

tions are found when reducing couplings or
tees are used. In those instances when the

larger end is over 2“, all connections are
butt-welds. The deviations affect the pipe
end prep.

H. Tooling for bending 1“, 1-1/4” and 1-1/2" di-
ameter pipe on the Conrac Bender is on order.

I. Molded plastic caps are available for protect-
ing the ends of all pipe through 5“ diameter.
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All openings on fittings, brazolets or socko-
lets and on pipe over 5“ diameter, are taped.

J. The number of ends or openings to be protected
(cap or tape) is a function of the number of
joints made up and of the type of fitting
used.

K. The use of weldolets, brazolets and of thread-
ed pipe ends is specific to certain pipe
tails; it is not an overall application.

L. On the SIS sheets? there are an avesage
cuts per bend.

M. Over 50% of the bends are 90°.

de-

0.7

N. There are no standards for aluminum or brass
pipe.

0. Heavy wall or hydraulic piping is not handled
in shop 70.

P. work orders containing both hydraulic and
standard pipe are proportionately split be-
tween the Hydraulic Shop and Shop 70.
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Q. Work performed in the Machine Shop (e.g., re-
moving internal threads from one end of a
threaded coupling) is normally not charged to
the Shop 70 work order. It also appears that
final welding of fittings is not charged to
the Shop 70 work order.

Based on those observations, and the frequency of
“one-end pipe end. occurrence of such events as

prep,” a number of decisions were made to lead
toward the determination of key factors that de-
fine the labor content of pipe detail.

The observations were initially grouped into three
classifications:

A. Those operations that always occurred at a de-
finable frequency.

B. Those operations that
a variable frequency.

C. Those operations that

The groupings established

always occurred, but at

occurred occasionally.

the logical selection of
readily definable elements that could be used for
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determining the labor standards for pipe details,
as follows: 

A. Conrac Bender work.

1. Operations always occurring at a
frequency: 

definable

a. The number of bends on each SIS.

b. There are 0.7 cuts made for each bend.

c. The number of cut pieces of pipe that
can be washed at a time is a function
of
 of
be

pipe diameter (a definable number.
pieces of pipe of a given size can
placed on the cleaning table at one

time).

2. Operations always
frequency:

a.

b.

c.

occurring at a variable

Set-up for material changes.

Set-up for diameter changes.

Operations occurring occasionally -
NONE.
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B. Greenlee Bender work.

1. Operations always occurring at a
frequecy:

a. The number

b. The degree

of bends required.

o f  b e n d .

definable

2 . Operations always occurring at a variable
frequency:

a. The cut-off of a pipe piece - before
or after bending.

3. Operations

C . Mechanics.

1. Operations
frequency:

occurring

always occurring at a definable

a.

b.

c.

Each straight piece of pipe has one
cut.

Each pipe opening is capped or taped.

Each piece of pipe is inspected.



2 . Operations always occurring at a variable
frequency:

a. Each bent piece of pipe may have one
or two additional cuts.

b. The type of end prep is defined by the
size and material of the pipe ,  except
where no end prep is specified or
where a reducing fitting is used
across a size boundary. 
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3 . Operations occurring occasionally:

a. Pipe ends threaded.

b. Pipe drilled for brazolet/weldolet ad-
dition.

c. Weldolet drilling required.

Evaluation of the work activity analysis led to
the following preliminary decisions for classifi-
cation purposes.



A. Conrac Bender.

1. Operations such as cut-off and clean can
be directly related to the number of bends
required on each SIS.

2 . Set-up times must be determined separately
for each work order.

B. Greenlee Benders.

1. Due to the work practice followed for
Greenlee Bender
allowed for each

2. NO cutoff would
time, and that
the mechanic-s

3. A single
gardless
quired.

c . Mechanics.

1. Each
off,

bend

work, a set-up could be
bend.

be included in the bend
time would be included with
work.

time would be selected, re-
of the actual degree of bend re-

piece of pipe
two end preps,

would require one cut-
and one inspection.
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2. End prep values would be allowed strictly
in accord with the basic material and di-
ameter of the pipe.

3. Fitting makeup (braze or fit and tack)
will be defined for actual joints re-
quired.

4. Caps or taping for ends can be defined on
an average basis for varying configura-
tions of pipe detail fabrication. Fur-

ther, the average number required can be
related to the relationship between pieces
of pipe and made-up joints on each pipe
detail.

5 . Time for pipe threading and for drilling
will be added on a per-occurrence basis.

6 . Set-up values will be distributed for av-
erage frequencies.

Appendix F is a summary table of time standards
(including a 15% PF&D) developed in accord with
the preliminary decisions outlined above.
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v . Chart Development

Based on the values given in Appendix F, it was a
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simple matter to construct basic tables for both
the Conrac and Greenlee Bending operations, as
shown in Appendices A and B.

Mechanic's work, however, requires the basic de-
termination of two factors: the number of pieces

ef pipe, and the number of made-up joints - for
each pipe detail. It became necessary to con-
struct a cross-chart, giving proper values for
various combinations of pipe quantity and made-up
joints. For each combination, an average number
of cap/tape requirements for openings could also
be determined. Appendix G shows a sample of the
calculation process for determining the final 
values that were inserted in the cross-charts
shown in Appendix C.

You will note that all values used in the develop-
ment of the cross-charts are shown to two decimal
places. In each case, the basis was the four-
place number shown in Appendix F, and rounding off
was done after multiplying the four-place value by
the appropriate frequency.



You will also note that the calculation sheet
shown in Appendix G assigns a Class Code to each
time value. The time value assigned in the class-
ification charts is the appropriate time value for
the Class Code as shown on the table in Appendix
D.
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.

TESTING THE CLASSIFICAT10N CHARTS

The validity of the decisions and combinations used to

construct the classification charts was tested by ap-
plying both basic standards and values from the classi-
fication charts to a number of work orders. The result
for one such test is shown in Appendix H. As can be

seen, there is a relatively consistent deviation of +
8%.

For the purposes of establishing a base for gross shop
loading, the size of the deviation is not significant,
as long as there is a consistency to that deviation.

It was further required to use the chart values as the
basis for determining the performance and delay (non-
process) factors that would modify the base times and
provide a realistic application (scheduling) standard.
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FUTURE SYSTEM MODIFICATION REQUIREMENTS

There are several events that will signal the need to
modify or recalculate the existing charts:

1. The Conrac Bending Chart will have to be expanded
to include a 1“ size at such time as the new tool-
ing is put into production.

II. Any change in shop procedure will require a modi-
fication of the assigned values and, perhaps, of
the basis for the chart. For example:

A. If molded caps were supplied for all pipe ends 
and for fittings~ the cap/tape value would

have. to

B. If some

shop 70

be reviewed and probably revised. 

welding operations were added to the
work activities, the appropriate make-

up joint values would have to be suitably in-
creased.

III. If Greenlee bending requirements reach a signifi-
cant quantity to require an accumulation of bends
and a better work scheduler set-up values may have
to be separated and assigned on a planned basis.

Page 30

H.B.MAYNARD and COMPANY,INC. 



It is also true that if there is a high volume of
a specific size of pipe, particularly at the in-
termediate 1/2” sizes, it may be desirable to de-
velop a special chart for that size of pipe.
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CONCLUSION

The classification chart system for determining basic
labor standards for pipe detail fabrication work pro-
vides a simplified application method that can be used
by a planner on a daily basis. It represents a prag-

matic use of the highly-detailed labor standards that
provide the valid basis for the classification system.

There are two future advances anticipated for the sys-
tem:

I. The chart concept can be applied to a computer

program, permitting the use of a computer terminal
to provide the necessary calculation instead of
using the manual method described in this report.

II. When sufficient basic labor standards are avail-
able, the system can be expanded to cover all pipe
Shop activity from initial fabrication through
final outfitting on the ship. At that time, it
will be possible to develop basic system standards
(i.e., lube-oil system, waste-water system, etc.)
that can be effectively used as benchmarks for
estimating the labor content of new ships (gross,
by craft, and by yard location) for bidding pur-
poses.
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Finally, it should be understood that modifications of
the system may be required for use at various levels of
management information and/or control systems. For ex-

ample, standards from the classification charts should
never be used as the basis for an incentive program.

The classification system for determining labor stan-
dards is a tool for management. Like any good tool, it
must be made or constructed for a specific use or ap-
plication. When used for its original purpose, it will
do an excellent

We are looking
classification
tions are made
under the Marad

January, 1982

job.

forward to further exploration of the
system concept as additional applica-
of the labor standards being developed
Program

H. B. Maynard and Company, Inc.
Pittsburgh, Pennsylvania
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